Objective: LncARSR (lncRNA Activated in RCC with Sunitinib Resistance, ENST00000424980) is a newly identified lncRNA to promote the sunitinib resistance of renal cell carcinoma (RCC), which may contribute to tumorigenesis and progression. This study aimed to explore the association of lncARSR tagSNPs with the risk and prognosis of RCC. Methods: In this study, a 2-stage case-control study was performed to evaluate the association between 2 tagging SNPs (rs1417080 and rs7859384) and RCC suscep- Survival analyses revealed individuals with GA/GG genotypes had higher survival rate compared with the corresponding AA wild genotypes in the dominant model (log-rank P = 0.005, adjusted HR = 0.34, 95% CI = 0.16-0.73). Conclusion: This study suggests that rs7859384 of lncARSR was associated with RCC susceptibility and may act as a prognostic biomarker for patients with RCC.
| INTRODUCTION
An estimated 65,340 Americans were diagnosed with renal malignancy and 14,970 died of the disease in 2018. 1 Renal cell carcinoma (RCC) is the most common renal malignancy accounting for 90% of the subtypes and approximately 80% of tumors are clear cell renal cell carcinoma (ccRCC). 2, 3 In clinical therapy, surgical resection is just an effective treatment for localized tumor, but the disease still exhibits substantial mortality due to regional or distant metastasis 4 with a characteristic of high resistance toward conventional chemotherapy a radiotherapy. 5 For advanced RCC patients, receptor of tyrosine kinase (RTK) inhibitors, 6 such as sunitinib, are regarded as the mainstay of therapeutic options, which has potent anti-angiogenic effects and direct anti-tumor activities owing to the inhibition of vascular endothelial growth factor receptor (VEGFR), platelet-derived growth factor receptor, stem cell growth factor receptor, and FMS-like tyrosine kinase 3. Despite their efficacy, many RCC patients end up with drug resistance and tumor progression after 6-15 months of treatment except for those who are inherently refractory to sunitinib therapy. 7 Recently, a few studies have disclosed the potential molecular biological mechanism of drug resistance such as androgen receptor (AR) phosphorylation, 8 apoptosis induced by endoplasmic reticulum stress, 9 sequestration in lysosomes and inhibition of the autophagic flux. 10 However, few reports focus on genetic biomarkers which might be validated as prognostic factors for patients with sunitinib response. Long noncoding RNAs (lncRNAs) are transcripts ranging from 200 nt to 100 kb in length with limited protein coding potential. 11 LncRNAs were once viewed as transcriptional noise, but growing evidence suggests they may play crucial biological roles in transcriptional regulation, cellular development, and RNA modification. 12 Emerging studies have demonstrated that lncRNAs may be involved in pathogenesis of cancers and they can be prognostic factors referring to tumor initiation and progression. LncARSR (lncRNA Activated in RCC with Sunitinib Resistance, ENST00000424980) is a newly identified lncRNA to promote the sunitinib resistance of RCC by acting as a competing endogenous RNA in the previous study. 13 Further mechanism reveals that lncARSR can affect the propagation of renal tumor-initiating cells which may contribute to tumorigenesis, progression, and drug resistance. 14 In hepatocellular carcinoma, it is established that lncARSR can promote doxorubicin resistance via modulating PTEN-PI3K/Akt pathway. 15 Besides, lncARSR may influence hepatic lipogenesis via Akt/SREBP-1c pathway and contribute to hepatic cholesterol biosynthesis via modulating Akt/SREBP-2/HMGCR pathway. 16, 17 Therefore, lncARSR could act not only as a therapeutic target to overcome drug resistance but also as a biomarker for improving the prognosis of clinical therapy. Recently, single nucleotide polymorphisms (SNPs), which could correlate with RCC risk and survival, such as the association of G-allele of rs231775 in the CTLA-4 gene with an improved overall survival (OS) in sunitinib-treated clear cell metastatic RCC patients, 18 have raised the attention of medical researchers. At this time, according to several studies published to date, SNPs located in the lncRNA locus showed a highly significant association with the susceptibility of a variety of human tumors. [19] [20] [21] [22] For example, Yan H et al 22 suggested that rs55829688 polymorphism could increase GAS5 expression by interacting with TP63, which might aggravate the meylosuppression and in turn lead to poor prognosis in acute myeloid leukemia. As a novel long noncoding RNA, lncARSR has been confirmed to participate in the pathophysiological process of cancers, but there are no publications focusing on genetic roles of cancer-related polymorphisms. Hence, we conducted a hospital-based cohort study aiming to evaluate the association between lncARSR tagSNPs and RCC risk in a Chinese population.
| MATERIALS AND METHODS

| Study population
The present ongoing study was approved by the institutional review board of Nanjing Medical University. Briefly, all subjects were genetically unrelated ethnic Han Chinese recruited coming from different families with no blood relationship. Medical records of all patients were reviewed to ensure no prior history of other cancers or metastasized cancer from other or unknown origins or previously subjected to chemotherapy or radiotherapy. The patients were histopathologically confirmed by 2 pathologists independently and clinical information was obtained, including tumor size, histological type, and tumor metastasis. After signing the written agreement, each of the subjects donated 5 mL venous blood for genomic DNA extraction. More detailed information is presented in previous studies. 
| SNP selection
Polymorphisms in lncARSR were selected by using genotype data obtained from CHB (Han Chinese in Beijing) and Figure 1 .
| DNA extraction and polymorphism genotyping
The whole genomic DNA was separated and purified from the peripheral blood leukocyte by proteinase K digestion and phenol-chloroform extraction according to the manufacturer's instructions (GoldMag Co.Ltd., Xian, China). The genotyping of lncARSR polymorphisms were performed by TaqMan SNP Genotyping Assays (Applied Biosystems, Foster City, CA, USA). The sequences of primer and probe for the single-nucleotide polymorphism are available on request. Amplification was executed according to the manufacturer's instructions in the 384-well ABI 7900HT Real-Time PCR System (Applied Biosystems), and the primers sequence was shown in Table S1 . The SDS 2.4 software was used for allelic discrimination. All our procedure of genotyping was carried out in a double-blind manner. In addition, the random 10% of samples were repeatedly genotyped and the concordance rate was 100%.
| Statistical analysis
Using Pearson's chi-square test for categorical variables and the student's t test for continuous variables, differences in the distribution of selected demographic variables and every genotypes between RCC cases and cancer-free controls were assessed. A goodness-of-fit chi-square test was used to evaluate Hardy-Weinberg equilibrium (HWE) for all SNP allele frequencies among controls. By using unconditional logistic regression analyses with odds ratios (ORs) and 95% confidence intervals (CIs), the associations between lncRNA SNPs and RCC susceptibility were estimated. Variables of age, sex, body mass index (BMI), smoking status, drinking status, hypertension, diabetes and family history of cancer were as covariates adjusted for the association analysis. Additive, dominant, recessive and co-dominant genetic models were used to estimate the significance of SNPs. Different survival times were calculated using the Kaplan-Meier method and compared using the Log-rank test. Survival time was calculated from the data of RCC diagnosis to the date of death or last followup. Cox proportion hazards models were performed to determine predictive factors of RCC survival by calculating F I G U R E 1 Linkage disequilibrium (LD) plot among the 10 tag-SNPs in the lncARSR gene (data from 1000 Genome Project database)
HRs and their 95% CIs. A Cox stepwise regression analysis was performed to determine what factors could be used as an independent factor for gastric cancer prognosis, with P < 0.05 for entering and P > 0.10 for removing the model. All statistical analyses were conducted with Statistical Analysis System 9.1.3 software (SAS Institute, Inc, Cary, NC, USA), and the adjusted P < 0.05 for 2-side were considered statistically significant.
| RESULT
| Characteristic of study population
In this study, a total of 1002 RCC cases and 1022 cancerfree controls were recruited in 2 stages, and the demographic and clinical features of individuals in 2 sets were shown in Table S2 . There were no significant differences between RCC cases and controls regarding to age, sex, BMI, smoking status, drinking status, and family history of cancer (all P > 0.05) while in combined set there were more individuals with hypertension and diabetes in cases than those in controls (both P < 0.001). These results imply that hypertension and diabetes might play an important role in the etiology of RCC.
| Association between lncARSR polymorphism and risk of RCC
All genotypes distribution of SNPs (iers1417080, rs7859384) among the controls in discovery/validation set was in accordance with HWE (Table 1 and Table 2 ). In discovery set, rs1417080 in lncARSR was significantly associated with RCC risk (P = 0.032, OR = 1.44, 95% CI = 1.03-2.02 in dominant model) and risk was found in individuals with heterozygote TC genotype (P = 0.024, OR = 1.49, 95% CI = 1.05-2.10 in codominant model). However, in validation set and combined set, no significant association with RCC risk was observed in SNP rs1417080. When performing the 2 sets analysis of rs7859384, in discovery set we identified that there were less risks in the GG genotype than that in the wild (AA) genotype (P = 0.001, OR = 0.43, 95% CI = 0.26-0.70 in co-dominant model). Furthermore, the genotypes frequency distributions of SNP rs7859384 in an additive model showed significant difference between cases and controls (P = 0.002, OR = 0.70, 95% CI = 0.56-0.88), and significant effect was also found in the recessive model (P = 0.001, OR = 0.46, 95% CI = 0.30-0.72). Subsequently, in the independent validation set, though rs7859384 in additive model was of marginal difference between cases and controls (P = 0.047, OR = 0.84, 95% CI = 0.72-1.00), in recessive model rs7859384 had significant association with RCC risk (P = 0.036, OR = 0.71, 95% CI = 0.51-0.98). In codominant model, the less risk was consistently related to RCC in the homozygote GG genotype compared with that in the wild genotype (P = 0.029, OR = 0.67, 95% CI = 0.96). After combining these 2 stages, a decreased risk of RCC was proven to be associated with the variant allele of rs7859384 in 4 models (all P < 0.05).
In addition, stratified analyses of rs7859384 were conducted by clinical and pathological characteristics in the dominant model (Table 3) . The prominent risk effect of SNP rs7859384 GA/GG genotypes was noted in clinical subgroups of stage I and stage II (P = 0.009, OR = 0.77, 95% CI = 0.64-0.94). Considering the histology of the tumor, individuals with clear cell RCC had a significant relationship with GA/GG genotypes (P = 0.014, OR = 0.79, 95% CI = 0.65-0.95).
| Stratification analyses between lncARSR rs7859384 polymorphisms and clinical risk factors
The effect of lncARSR rs7859384 on RCC occurrence stratified by age, sex, BMI, smoking status, drinking status, hypertension, diabetes, family history of cancer was further investigated (Table 4) . A protective effect of SNP rs7859384 GA/GG genotypes was observed among individuals with BMI > 24 (P = 0.025, OR = 0.74, 95% CI = 0.56-0.96), without hypertension (P = 0.037, OR = 0.79, 95% CI = 0.63-0.99), without family history of cancer (P = 0.048, OR = 0.83, 95% CI = 0.68-1.00).
| Effects of lncARSR rs7859384 on RCC survival
To assess the prognostic value of lncARSR polymorphisms, the clinical follow-up data on RCC patients' survival were further analyzed. It was reported 311 patients had been followed up and the characteristics and clinical features were showed in the previous study. 23 However, 304 cases were genotyped for these 311 patients and the median follow-up time was 19.75 months (minimum-max, 0.63-72 months). For rs7859384 of lncARSR, statistically significant association was observed between genotypes and the survival of RCC in the dominant model (log-rank P = 0.005, adjusted HR = 0.34, 95% CI = 0.16-0.73). As presented in Figure  2 , individuals with GA/GG genotypes had higher survival rate compared with the corresponding AA wild genotypes. The stratified analysis implied a significant decreased risk of death among patients of age ≤57 years old, BMI ≤ 24, male, cases without hypertension or diabetes (Table S3 ). In stepwise Cox proportional hazard analysis for clinical stage, tumor grade and rs7859384 in dominant model, the results indicated that rs7859384 may be an independent prognosis factor with all P < 0.05 (Table 5) . 
| DISCUSSION
In this study, we explored the relationship between genetic variants of lncARSR and the risk of RCC in a Chinese population. Our study revealed that rs7859384 variant GA/GG genotypes in lncARSR was associated with a decreased risk of RCC while rs1417080 variant TC/CC genotypes did not show a significant relationship with the risk of RCC. When combining with clinical and histopathological variables, stratified analyses of rs7859384 suggested a significant difference in the distribution of GA/GG genotypes among clinical subgroups of stage1/II and patients with clear cell RCC. Besides, the stratified analysis assessed a protective value of SNP rs7859384 GA/GG genotypes in individuals with BMI > 24, without hypertension, without family history of cancer. In addition, the overall survival analysis noticed the significant association between rs7859384 and survival. The fact that specific hyperconserved elements in lncRNAs are extensively expressed in tumor cells and are also in some normal cells has been confirmed by whole-genome sequencing, which are distributed over fragile sites and tumor-related regions in the chromosomes, suggesting that these elements might play a vital role in the normal development of an individual and that their aberrant expression might lead to cellular malignant transformation. 11 SNPs which are universally present in lncRNA genes are the most common and genetic variants of concern, and may directly or indirectly result in changes in lncRNA expression levels by various means and then being likely to participate in the genesis and development of cancer. [24] [25] [26] Owing to the possibility of being biomarkers for predicting cancer risk, increasing researches focuses on cancer-related genetic polymorphisms of lncRNAs. To date, SNPs of more than 20 lncRNAs have been identified in human malignant tumors. 27 For example:
HOTAIR, as one of the most closely investigated lncRNAs, polymorphisms of which have been studied in gastric cancer, 19 prostate cancer, 28 cervical cancer, 29 breast cancer, 30 hepatocellular carcinoma, 31 oral cancer 32 , and lung cancer. 33 However, there are few reports on SNPs of lncRNAs in RCC.
To our knowledge, this study is the first to evaluate the effects of lncRNA polymorphisms on the risk of RCC. LncARSR was the earliest discovered lncRNA which could be a mediator of sunitinib resistance in RCC by acting as a competing endogenous RNA and confer resistance to sensitive cells by exosome-mediated transmission. 13 To explore the potential function of lncARSR relatively in depth, our study performed a comprehensive analysis of the relationship between 2 genetic variants in lncARSR and the susceptibility of RCC, and finally found rs7859384 was associated with the decreased risk in 4 statistical models. Though there is a lack of experimental evidence to elucidate the biological process how the SNPs of lncARSR participate in the tumor initiation and progression, our study provides a feasible basis for further investigation which has been applied to other lncRNAs. There exist several hypotheses documented in the literature. As a potential causal SNP for osteoporosis, rs6426749 was demonstrated to be a distal allele-specific enhancer regulating expression of a lncRNA (LINC00339) via long-range chromatin loop formation and rs6426749-G allele can bind transcription factor TFAP2A, which efficiently elevates the enhancer activity and increases LINC00339 expression. 34 Yao et al performed in silico analyses to speculate the molecular mechanism underlying the association between rs7958904 and colorectal cancer risk, and the results indicated that rs7958904 G/C variant might participate in colorectal cancer through alteration of HOTAIR secondary structure. 35 Moreover, rs7958904 polymorphism may affect the binding activity of has-miR-615, which can regulate the proliferation, migration, invasion, and apoptosis of various cancers. 36, 37 These studies have initially explored the biological mechanisms of lncRNA SNPs and may be explanations of the way lncARSR SNPs influence the risk of RCC. After stratified analyses of tumor stage and grade, there was no statistical relationship between lnARSR polymorphism and clinical stage 3/4 of RCC. The result seems to be inconsistent with previous research that lncARSR was first found to promote sunitinib resistance which is a major challenge for advanced RCC. It may be caused by the number of subjects and we'd better enroll more cases and controls for the comprehensive study. However, at stage 1/2 of RCC, rs7859384 GA/GG genotype was preliminarily observed to be markedly decreasing the risk. Interestingly, when controls' genotypes were taken as the reference, a statistically notable association for rs7859384 genotypes and clear cell RCC was identified. RCC is one of the most common malignant neoplasms in the world with diverse histological types including clear cell RCC, papillary RCC, chromophobe RCC, and so on. Yu et al first determined genome-wide lncRNAs expression patterns in clear cell RCC by microarray providing potential targets for future treatment and novel insights into cancer biology. 38 There are other reports focusing on the relation of lncRNAs to clear cell RCC, 39, 40 Table S3 , GA/GG genotypes have a negative correlation with mortality among RCC patients with BMI ≤ 24. It is well known that genetic factors play a critical role in the occurrence of RCC so family history of cancer has been recognized as an exposure risk factor in many cancers. Therefore, it may be interpreted that allele A need to mutate into allele G to take protective effect while it would not happen in the population with the inheritance of tumor family history. Subsequently, protective value of GA/GG genotypes is found to be associated with predisposition to population without hypertension rather than those with hypertension. It is still unknown that arisen of this phenomenon is rooted in some specific genes which can cause hypertension or hypertension which can affect rs7859384 mutation. The increase in risk of RCC due to smoking is approximately the same in males and females. 41 Graff et al found that type2 diabetes was independently associated with a greater risk of RCC in women but not in men. 42 On the other hand, a meta-analysis based on twenty observation studies supports the hypothesis of a negative effect of moderate alcohol consumption on the risk of RCC. 43 Irrespective of whether the above factors can or cannot impact the risks of RCC, rs7859384 GA/GG genotypes do not act as a protective factor in stratified analyses related to smoking, diabetes, and drinking. In order to understand the role of rs7859384 variants, further experiments are needed to identify the precise mechanisms.
To explore the prognostic role of rs7859384, an overall survival study was established, suggesting GA/GG genotypes can predict a higher survival rate than AA wild genotype. Le et al 14 demonstrated that lncARSR was upregulated in primary renal T-ICs leading to a poor prognosis of clear cell RCC and knockdown of lncARSR could attenuate the self-renewal, tumorigenicity, and metastasis of renal T-ICs. The underlying molecular mechanism may attribute to the fact that variant allele can influence the expression of related lncRNA, which has been proven in the previous studies. Zhang et al proposed that the risk allele rs4321755-T, in phase with rs4415084-T, created a GATA3-bingding motif within an enhancer, resulting in differential GATA3 binding and chromatin accessibility, thereby promoting transcription of MRPS30 and lncRNA RP11-53O19.1. 44 Guo et al found that a risk-associated variant at rs7463708 increases binding of ONECUT2, a novel androgen receptor-interacting transcription factor, at a distal enhancer that loops to the lncRNA PCAT1 promoter, resulting in up-regulation of PCAT1 upon 
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Stepwise Cox regression analysis on RCC-related survival prolonged androgen treatment. 45 Thus, we speculate that expression of lncARSR can be affected by variants at rs7859384 leading to different survival rates of RCC patients.
| CONCLUSION
In summary, this is the first study investigating the epidemiologic evidence on lncRNA SNPs with RCC risks and the related survival in a Chinese population. We found that a SNP rs7859384 of lncARSR had a strong association with RCC susceptibility by 2-stage case-control statistical analyses with a relatively large population size. Besides, survival analysis indicated that variant at rs7859384 may contribute to higher overall survival rates. However, more detailed investigations and further experiments on genetic functions will be needed in the future.
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